INTRODUCTION
Gastroparesis is a chronic illness that leads to upper gastrointestinal symptoms of nausea, vomiting, early satiety, and abdominal pain. In the United States, epidemiologic data estimates the incidence of gas troparesis at 2.4 per 100000 personyears and the prevalence at 9.6 per 100000 personyears [1] . Hospital admissions related to gastroparesis have increased over the past two decades. In one study of the nationwide inpatient sample database, annual hospital admissions for gastroparesis increased from 3978 in 1997 to 16460 in 2013 [2] . The same study found an increase in hospital charges for gastroparesis admissions from $13350 to $34585 over the same period. Gastroparesis has become of increasing relevance due to its association with poorer quality of life, significant psychological distress, anxiety and depression [36] . Given the increasing burden of gastroparesis on patients' quality of life and on healthcare costs, it is important to identify factors related to hospital re admissions. Knowledge of these predictors can play a role in implementing preventive interventions in high risk patients. However, few studies addressed this topic. Uppalapati et al [7] found that poor glycemic control, infection, and nonadherence with medical therapy correlated with increased hospital admission rates in gastroparesis. Bielefeldt et al [8] found that more than half of emergency department visits for gastropare sis resulted in admission. Age, cardiovascular, renal, and infectious comorbidities were found to correlate with higher admission rates [8] . None of these studies estimated the readmission rates and risk factors for readmission in gastroparesis.
Due to the chronicity of symptoms of gastroparesis, post discharge care coordination could play an im portant role in preventing hospital readmission. One negative consequence of lack of care coordination is care fragmentation. This occurs when the patient is discharged from one hospital (index hospital) and is readmitted to a different (nonindex) hospital. Studies of care fragmentation in various medical and surgical conditions show that this phenomenon is common and correlates with increased adverse outcomes, hospitalization, and healthcare costs [913] . In addition, readmissions to different hospitals leads to underestimation of readmission if the first hospital conducts a readmission analysis that is limited to its institutional database [13] . Given the increasing number of hospitalizations and rising healthcare costs in gastroparesis, we performed this analysis using a nationwide database to study several aspects of hospitalization in gastroparesis. First, we evaluate the rates and predictors of hospital readmission in gastroparesis. Second, we assess the frequency and predictors of care fragmentation using statewide data, and its effect on underestimation of hospital readmission. Lastly, we evaluate the effect of care fragmentation on several outcomes including inhospital mortality, length of stay, costs, and 60d readmissions.
MATERIALS AND METHODS
We used the National readmission database (NRD) from 2010 to 2014 as the study data source. The NRD is developed by the Agency for Healthcare Research and Quality (AHRQ) as part of the Healthcare Cost and Utilization Project (HCUP). It is a database of all payer hospitalizations drawn from a sample of 22 state inpatient databases, and accounts for 49.3% of all hospitalizations in the United States [14] . Each hos pitalization contains several patient and hospital rel ated variables. The database and description of data elements are publicly available through the HCUP website [15] . Using special patient linkage numbers, the NRD allows tracking of patients who are admitted to any hospital within a state, but not across state lines. The database cannot follow patients across different calendar years, and therefore each year of the database is analyzed separately. The Institutional Review Board determined that the study was exempt from review because the database does not contain protected health information and it cannot be linked to any specific subject.
Study population
We used the International Classification of Diseases, Ninth Revision; Clinical Modification (ICD9CM) to identify all adult (age ≥ 18 years) hospitalizations with the primary discharge diagnosis of gastroparesis (code 536.3). For the purpose of 30d readmissions, we excluded patients who were discharged in the month of December of each year, in order to have a full 30d post discharge follow up period to capture readmissions. For the purpose of 90d readmissions analysis, we excluded records of patients discharged in the month of October, November, and December. We also excluded records of those who died during admission, and records that represent sameday stay pairs of records (patient discharged and readmitted the same day). To avoid duplication, we excluded records that fit the criteria for an index admission, but were also identified as re admissions within 30 d of a previous index admission. We included these records in the readmission analysis. We used predefined tracking variables included in the NRD to identify allcause unplanned readmissions within a 30 and 90d period post discharge. As per the recommendations of the Center for Medicare and Medicaid Services, we excluded planned (elective) readmissions [16] .
Demographic and hospital variables
Patient sociodemographic variables included age, sex, and median household income for patient's ZIP Code. Other variables included primary payer information, length of stay, and discharge disposition. Hospital related variables included hospital control/ownership status, bed size, and metropolitan status. To control for the risk of readmission, we used the Elixhauser readmission index, which is a validated comorbidity measure derived from 29 comorbidity variables (Table  1) . Hospital charges were converted to costs using chargetocost ratios provided by the HCUP. We used the consumer price index to inflate costs to 2017 dollars as outlined by the United States Bureau of Labor Statistics [17] . Procedures were identified using ICD9CM for procedure codes in any of the procedure fields of the admission record as follows: 
Outcomes
We measured the rates of allcause 30 and 90d rea dmissions and care fragmentation. Indexhospital readmissions were identified as readmissions in which the same hospital identification (ID) code is identified on both the initial hospitalization and the readmission record. Nonindex readmissions were identified as readmissions in which a different hospital ID is identified on the readmission record. According to this readmission status, patients were classified into one of three groups: (1) patients with only an index hospital readmission within the 30 or 90d post discharge period; (2) pat ients with both index and nonindex readmission(s) during follow up; and (3) patients with only a nonindex readmission. Patients who were transferred from a non index hospital to an index hospital were considered as if they were admitted to an indexhospital. This was done because the NRD combines hospital transfers into one discharge record. Care fragmentation was calculated by dividing the number of patients who had any nonindex hospitalization (groups 2 and 3) by the total number of readmissions. To calculate the underestimation of hospital readmissions if only index hospital readmissio ns were used, we divided the number of patients with only a nonindex readmission by the total number of readmissions.
Statistical analysis
Categorical variables were described as number (percentage); while continuous variables were re ported as as mean (standard deviation). Baseline cha racteristics of patients who did and did not experience a readmission were compared using the chisquare test for categorical variables and the t test for continu ous variables. Multivariable Cox proportional hazards regression was used to analyze predictors of 30d readmissions. Multivariable logistic regression was used to analyze predictors of 30d care fragmentation. Covariates with P < 0.2 on univariate analysis were en tered into the model and retained if the P is < 0.05. Results of multivariable analysis were expressed using adjusted hazard ratio (aHR) or adjusted odds ratio (aOR) and 95%CI. We used Cox proportional hazards regression to evaluate the relationship between non index readmission (care fragmentation) and readmis sion length of stay. Patients with a hospital stay > 30 d were censored at 30 d. We used a multivariable linear regression model to evaluate the relationship between nonindex readmission and total costs of hospital stay during the first readmission. Logistic regression was used to evaluate the effect of care fragmentation on in hospital mortality during the first readmission. A 2tailed P of 0.05 was used as the threshold for statistical significance.
RESULTS

Readmissions
During the study period, there were 30064 total adm issions for gastroparesis that fit the inclusion criteria ( Figure 1 ). The mean age was 49.6 years (SD = 17), and 74.2% were females. Of these, 8057 (26.8%) had at least one readmission within 30d. Table 2 shows the characteristics of patients, stratified by re admission status. Patients who experienced a 30d readmission were more likely to be younger, male, had longer index hospitalization (> 5 d), Medicare and Medicaid insurance, Diabetes, and ≥ 4 Elixhauser comorbidities. Figure 2 shows independent predictors of 30d readmission. Younger age, male patient, diabetes, parenteral nutrition, ≥ 4 Elixhauser comorbidities, longer hospital stay (> 5 d), large and metropolitan hospital, and Medicaid insurance were associated with increased hazards of 30d readmissions. Gastric surgery, routine discharge and private insurance were associated with lower 30d readmissions.
Care fragmentation and underestimation of readmission
The rate of 30 and 90d care fragmentation is shown in Figure 3 and Table 3 . Of all 30d readmissions, 28.1% of patients were readmitted to a nonindex hospital, while 22% of patients were readmitted exclusively to a nonindex hospital (which represents underestimation of readmission). Corresponding numbers for 90d period are 33.8% and 19.5%, respectively. Figure 4 shows independent predictors of care fragmentation during the first 30d readmission. You nger age, longer hospital stay (> 5 d), selfpay or Me dicaid insurance were associated with increased risk of 30d care fragmentation. Diabetes, enteral tube placement, parenteral nutrition, large metropolitan hospital, and routine discharge were associated with lower odds of readmission to a nonindex hospital du ring the first 30d readmission.
Outcomes of patients with and without care fragmentation during the first 30d readmission are shown in Table 4 . Patients readmitted to a nonindex hospital had a longer mean hospital stay (6.5 vs 5.8 d, P = 0.03), and higher mean hospitalization costs ($15645 vs $12311, P < 0.0001) compared to those who were readmitted to the same index hospital. There were no differences in mortality (1.3% vs 1.0%, P = 0.84), or subsequent 60d readmission rate (55.3% vs 54.6%, P = 0.99) between the two groups.
DISCUSSION
Patients with gastroparesis develop chronic symptoms of nausea, vomiting, abdominal pain, and weight loss. Refractory and severe symptoms can lead to recurrent hospitalizations. In this study, we found that the rea dmission rate for gastroparesis is substantial (26.8% at 30 d and 45.6% at 90 d), and that several clinical, demographic and hospital factors are associated with readmission in gastroparesis. Patients with multiple comorbidities and long initial hospitalization have a higher risk of readmission. Longer length of stay was found to be independently associated with increased risk of 30d readmission. This could be reflective of the severity of gastroparesis symptoms independent of comorbidities, which were controlled for in the model. Younger patients (age 1844) had a higher risk of readmission compared to older ones. A prospective observational study of 262 gastroparesis patients treated at 7 tertiary referral centers reported that patients older than 50 years were more likely to have Final study population n = 30064
Figure 1 Data selection for Gastroparesis admissions.
1 Duplicate index events are records that fit the criteria for index gastroparesis admission, but were also identified as readmissions within 30 d of a previous index gastroparesis admission. These records were not analyzed as a separate index admission, but were included in the readmission analysis. symptom improvement compared to younger patients (OR: 3.35, 94%CI: 1.626.91, P = 0.001) [18] . It is unclear why younger patients tend to do worse than older ones, but it could be related to better adaptation and tolerance of older patients to their medical illn ess [18] . Diabetes was associated with increased risk of readmissions, which could be related to complications of diabetes and not necessarily to the severity of gas troparesis. The aforementioned study did not find a difference in symptoms improvement between diabetic and idiopathic gastroparesis [18] . Medicaid insurance was associated with increased risk of readmissions compared to Medicare, while private insurance was as sociated with lower risk. No previous study examined the relationship of insurance status with gastroparesis readmissions. A report published by the AHRQ analyzed trends of hospital readmission for all illnesses by in surance type, and found that Medicare was associat ed with the highest risk, followed by Medicaid, self pay/uninsured, and private insurance [19] . One possible explanation is that Medicare patients are older and have more comorbidities than patients with other types be done by linking hospital or insurance databases, or conducting regular telephone interviews. We iden tified several predictors of 30d care fragmentation in gastroparesis. Selfpay/uninsured patients and Medicaid beneficiaries had higher likelihood of care fragmentation. Large, metropolitan hospitals were as sociated with decreased care fragmentation. As such, it appears that despite a higher risk of readmission in large metropolitan hospitals, patients are more likely to return to these facilities compared to smaller, nonme tropolitan hospitals. We found that care fragmentation in gastroparesis leads to higher readmission length of stay and overall costs (Table 4 ). This could be related to inefficient and redundant workup, such as radiologic and endoscopic procedures. In the ambulatory setting, one study found that patients with fragmented care received twice as many radiologic and diagnostic tests compared to pa tients with least fragmented care [24] . Currently, there is national emphasis on interoperability of electronic health record (EHR) systems. Medicare and Medicaid EHR programs created incentives for healthcare systems to utilize EHRs that are capable of providing patients copies of their medical records, and of exchanging information between different EHR systems regardle ss of the vendor [25] . Once these EHRs are in place, it is possible that the availability of medical records to all providers across hospitals could partially mitigate the higher costs of fragmented care. We did not find a difference in mortality and in 60d readmission rate following the first readmission between patients who were readmitted to an index and nonindex hospital. This suggests that addressing care fragmentation in gastroparesis could reduce healthcare costs but does not change the natural history or morbidity of the dise ase. Other studies conducted on patients with heart failure and other critical illnesses found higher mortality in patients admitted to a nonindex hospital [12, 26, 27] . Our study has several strengths. It is the largest study to estimate the rate of hospital readmissions in patients admitted with gastroparesis, and the only one to study care fragmentation in this disease. We of insurance. In our study, we controlled for age and other variables, and found that Medicaid was associated with higher readmission. This could be partly related to the several social and economic challenges facing this patient population, which precludes adequate outpatient followup and compliance with treatment [20] . Large, metropolitan hospitals were associated with increased readmission risk. A small percentage of patients in our study underwent gastric surgery during their admission for gastroparesis (2%), and this was associated with lower 30d readmissions. This is consistent with few previous studies in which pyloroplasty and partial gas trectomy resulted in symptom improvement in selected patients with gastroparesis [21, 22] . We did not find a be nefit of gastrostomy or jejunostomy tube placement on readmission rates for gastroparesis. There are lim ited data on the benefit of gastric and enteral tubes in gastroparesis. A systematic review of 5 small studies evaluating gastrostomy (n = 26) and jejunostomy (n = 32) found that these treatments decrease symptoms of nausea and vomiting, although jejunostomy was associated with significant complications [23] . Parenteral nutrition is used in patients with refractory symptoms, malnutrition, and inability to tolerate enteral feeding. Despite its nutritional benefits, we found that parenteral nutrition was associated with increased hospital readmission. This could be related to the increased risk of infectious and metabolic complications. These patients require close monitoring and care to prevent complications and readmissions.
We found that 28%34% of readmissions occur at a different (nonindex) hospital. This suggests that examining readmission rates using institutional da tabases is insufficient, and leads to underestimation of readmissions by 22%. When gauging the efficacy of therapeutic interventions (such as drug therapy, Botulinum toxin injection, transpyloric stent, gastric per oral endomyotomy), both index and nonindex hospital readmissions should be measured. This is particularly important in singlearm, retrospective evaluations in which it is not possible to conduct a thorough patient followup. Measuring nonindex readmissions can Table 4 Association of admission to a non-index hospital during the first readmission (care fragmentation) with in-hospital costs, length of stay, mortality, and 60-d readmission used statewide data to track discharges within states across different hospitals, and then calculate the rate of underestimation of care if only institutional databases are used. In addition, this is the only study that evaluat es the predictors of readmission and care fragmentation in a large nationally representative sample. There are several limitations to this analysis. The NRD, similar to most other hospital administrative databases, does not contain important clinical para meters such as medications, laboratory values, and imaging studies. Therefore, we cannot categorize the severity and etiology of gastroparesis using this data base, nor analyze clinical predictors of outcomes in gastroparesis. We tried to adjust for predictors of care fragmentation; however, other factors play a role in nonindex hospitalizations. These include patients' pref erence, place of residence and proximity to the index hospital. These should be taken into account in planning post discharge followup.
In conclusion, patients with gastroparesis are prone to frequent hospital admissions. Our study highlights the high readmission and care fragmentation rates in gastroparesis, and identifies several predictors of these outcomes. Post discharge care coordination that focuses on highrisk patients could reduce hospital readmission and fragmentation of care, leading to improved quality of life and lower overall costs of care.
ARTICLE HIGHLIGHTS
Research background
Gastroparesis is a chronic disorder that can lead to debilitating symptoms resulting in recurrent hospitalizations. These hospital admissions can be costly, especially if the patient is admitted repeatedly to different hospitals. Hospital readmissions can be underestimated if non-index readmissions (i.e., readmissions to a different hospital) are not captured during follow up.
Research motivation
Knowledge of the predictors of hospital readmissions can help design interventions that focus on high risk factors. Estimating the rate of care fragmentation provides further insight into the burden of gastroparesis on patients and the healthcare system. It also highlights the need to refine the methods to calculate hospital readmission.
The study aims to evaluate the rate of hospital readmissions in gastroparesis, and to estimate the proportion of readmissions to index and non-index hospitals (care fragmentation). We also sought to study factors related to readmission and care fragmentation, and their effect on future outcomes such as length of stay, costs, mortality, and readmissions.
Research methods
We used the national readmission database to identify all adult admissions with primary diagnosis of gastroparesis. We calculated the rate of 30 and 90-d statewide hospital readmissions and care fragmentation. We analyzed factors related to hospital readmission and care fragmentation using multivariable models.
Research results
We found a high rate of hospital readmission in gastroparesis (26.8% at 30 d and 45.6% at 90 d). Around one fourth of readmissions occur at a different hospital, and 20% occur exclusively at a different hospital. This means that 20% of all 30-d readmissions will not get captured if local hospital databases are used to track patients. Readmission to a different hospital within 30-d was associated with higher hospitalization costs and length of stay. We identified several sociodemographic and clinical factors that are associated with hospital readmission and care fragmentation. Gastric surgery is associated with decreased risk of readmission, while enteral tube insertions (gastrostomy or jejunostomy) did not affect readmissions.
Research conclusions
This is the first population based study to highlight the high rate of hospital readmission and care fragmentation in gastroparesis. It is also the first to report several sociodemographic and clinical factors related to these outcomes, which can be used to identify high-risk patients.
Research perspectives
In addition to reducing hospital readmissions, hospitals should also attempt to decrease care fragmentation because it is associated with increased costs of care. Hospital readmissions are a major cause of morbidity in gastroparesis. Trials involving different interventions for gastroparesis should also evaluate the effect of these interventions on reducing hospital readmissions.
